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ABSTRACT 

Atmospheric infrared radiance fluctuations result from fluctuations in the density of atmospheric species, individual molecular state 
populations, and kinetic temperatures and pressures along the sensor line of sight (LOS). The SHARC-4 program models the 
atmospheric background radiance fluctuations. It predicts a two dimensional radiance spatial covariance function from the underlying 
3D atmospheric structures. The radiance statistics are non-stationary and are dependent on bandpass, sensor location and field of view 
(FOV). In the upper atmosphere non-equilibrium effects are important Fluctuations in kinetic temperature can result in correlated or 
anti-correlated fluctuations in vibrational state temperatures. The model accounts for these effects and predicts spatial covariance 
functions for molecular state number densities and vibrational temperatmes. SHARC predicts the the non-equilibrium dependence of 
molecular state number density fluctuations on kinetic temperature and density fluctuations, and calculates mean LOS radiances and 
radiance derivatives. The modeling capabilities are illustrated with sample predictions ofMSX like experiments with MSX sensor 
bandpasses, sensor locations and FOV. The model can be applied for all altitudes and arbitrary sensor FOV including nadir and limb 
viewing. 

I. INTRODUCTION 

The calculation of infrared (IR) mean radiance, transmittance and their fluctuation statistics is important in many areas of 
atmospheric science, including the interpretation of satellite sensor measurements and for understanding the effects of turbulence 
structures on molecular excitation processes. The atmospheric infrared radiance fluctuations depend on fluctuations in atmospheric 
species number densities, vibrational state populations, and the kinetic temperatures along the sensor line-of-sight (LOS). The standard 
SHARC model1 calculates mean LOS radiance and transmittance values. The SHARC structure model predicts the two-dimensional 
spatial covariance function of the radiance. The covariance function and its Fourier transform, the power spectral density (PSD), can 
be use directly in sensor models or in image synthesis modes to create realizations of the predicted structure. The radiance statistics 
and images are non-stationary and are explicitly bandpass and sensor FOV dependent 

At lower altitudes (- 50 km), collisional quenching of excited vibrational states is fast compared to radiative decay. Species tend 
to be in local thermodynamic equilibrium (L 1E) and state populations can be determined from a Boltzmann distribution at the 
gas-kinetic temperature. At higher altitudes, there are an insufficient number of collisions to equilibrate vibrational energy before 
radiative decay occurs and the VIbrational states can no longer be characterized by the kinetic temperature. Under these conditions, the 
VIbrational states are in nonlocal thermodynamic equilibrium (NL 1E). Models extending into the higher altitudes must describe these 
deviations from local thermodynamic equilibrium. SHARC assumes steady state kinetics for the atmospheric processes of collisional 
excitation, energy transfer, radiative decay, chemical production and illumination by the sun, earth and atmosphere. The model includes 
seven species which radiate in the 2-40 IJlil wavelength region. It includes NO, C02, 0 3, H20, OH, CO, and CH4. Isotopes of C02 
and H20 are also modeled. The number densities of the excited vibrational states are predicted and can be descnbed in terms of a 
Boltzmann distribution with state dependent vibrational temperatures. Under L TE conditions, the responses to a kinetic temperature 
fluctuation can be described by a Boltzmann distribution corresponding to the new kinetic temperature. The emission from a small 
volume in the atmosphere depends only on the gas-kinetic temperature in that volume and is determined using the Planck blackbody 
emission source term at the new fluctuated temperature. Under NL TE conditions, the response of population changes to fluctuations 
in temperature and density are determined for each state by a perturbation model which uses the same steady state chemical-kinetics 
schemes that are used for the quiescent atmosphere. Fluctuations in the kinetic temperature can result in correlated or anti-correlated 
responses in vibrational state population. The magnitudes of the responses depend on the local chemical environment. NL TE emission 
depends on the vitrational temperatures of all species involved, as well as, the gas-kinetic temperature. 
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